Using R, spsurvey, and Tinn-R
for Monitoring Design and Analysis

The purpose of this document is to describe how to acquire and install software necessary
for selecting sites as part of the design of a monitoring program and for completing
statistical analyses of the subsequent data. By following the instructions, a reader can
expect to have the software ready to use and to have a very brief introduction on how to
use it.

What is R?

R is a language and environment for statistical computing and graphics. It is based on the
S language and environment which was developed at Bell Laboratories (formerly AT&T,
now Lucent Technologies) by John Chambers and colleagues. R provides a wide variety
of statistical (linear and nonlinear modelling, classical statistical tests, time-series
analysis, classification, clustering, ...) and graphical techniques, and is highly extensible.
The S language is often the vehicle of choice for research in statistical methodology, and
R provides an Open Source route to participation in that activity. R is available as Free
Software and runs on Windows.

R is an integrated suite of software facilities for data manipulation, calculation and
graphical display. It includes

an effective data handling and storage facility,

a suite of operators for calculations on arrays, in particular matrices,

a large, coherent, integrated collection of intermediate tools for data analysis,
graphical facilities for data analysis and display either on-screen or on hardcopy,
and

o awell-developed, simple and effective programming language which includes
conditionals, loops, user-defined recursive functions and input and output
facilities.

The ability to add new statistical algorithms, through user-developed libraries, is one of
its greatest features. This is a major reason for our use of R.

Why use R for Aguatic Monitoring Survey Design and

Analysis

e Needed way to provide survey design and survey analysis algorithms to others
(particularly states and tribal nations)

e No existing statistical software has the algorithms required

e Many organizations have limited ability to purchase any recommended
commercial statistical software

e Risfree, easily installed, and usable with training

e Our approach is to provide libraries that minimize knowledge required about R



Joint use of R, spsurvey and Tinn-R

To use R for monitoring survey design and analysis requires a specific R library —
spsurvey — developed by the ARM Design Team. Both R and spsurvey can be
downloaded from the ARM web site. spsurvey uses another library developed by others
and is also available from the ARM web site. No additional software is required. We
have found it useful to use another program, a text editor Tinn-R, which has been
designed to work with R. It can also be downloaded from the ARM web site.

Acquiring R, spsurvey, sp, and Tinn-R

Rather than have users go to several different web sites to download R, spsurvey, and

Tinn-R, we have made them accessible from the ARM web site. This also allows us to

make sure that the software versions are compatible. If you want to download R or other

libraries for R from the R website, see the appendix. To download from ARM website:
e Go to http://www.epa.gov/nheerl/arm/ and click on “Download Software” in the

left column (or go directly to:

http://www.epa.gov/nheerl/arm/analysispages/software.htm)
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e Right click on R-2.4.1-win32.exe to download the R windows installer and place
on desktop (may put in any location you wish but remaining instructions assume
it is on your desktop)



http://www.epa.gov/nheerl/arm/
http://www.epa.gov/nheerl/arm/analysispages/software.htm

Right click on spsurvey_1.6.zip to download the spsurvey library and place on
desktop (may put in any location you wish but remaining instructions assume it is
on your desktop). Do NOT unzip!!!

Right click on sp_0.9-4.zip to download the sp library and place on desktop (may
put in any location you wish but remaining instructions assume it is on your
desktop). Do NOT unzip!!!

Right click on Tinn-R_1.18.6.5_setup.exe to download the Tinn-R windows
installer and place on desktop (may put in any location you wish but remaining
instructions assume it is on your desktop)

Other files on the Aquatic Resources Monitoring — Software web page are:

How to install R, spsurvey, and Tinn-R (this document)

A user guide for the spsurvey library

Changes to the spsurvey library

Spatial survey design examples for points, lines, and polygons, i.e., finite, linear,
and areal aquatic resources

At this point all necessary software is now located on your desktop.

Installing R

Uninstall previous versions of R, if any (Not absolutely necessary)

Close all other programs (safety precaution)

Install the downloaded file by double clicking the R-2.4.1-win32.exe desktop
icon. Itis a Standard Windows installer. You may need to have administrator
privileges to do the install. If so, contact your systems administrator. May take 5-
10 minutes to complete installation

Windows installer goes through series of windows. Recommend that use default
options except for the following two windows:

Startup Options: Specify Yes to customize. Then select SDI option. SDI option
required when use Tinn-R

| : [a]
Tor Setup - R for Windows i Setup - R for, Windows m@@

Startup options

. . Display Mode
Do pou wart o customize the startup aptions? Do o preter the M1 or 5D irkerface? R

Please specil yes or o, then cick Nest. Please specif MOl or SO, ther click Nest.

F‘PE () MDI [one big window]

() Mo accept defauls)
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e Select Additional Tasks (see window below). Have options:

o0 Place an R icon on the desktop (check if want desktop icon)

0 Create a Quick Launch icon (check if want Quick Launch icon)

0 Save version number in registry (if check then must have Administrator
privileges to uninstall R)

0 Associate R with .RData files (Make sure this is checked)

5 Setup - R for Windows E|§|@

Select Additional Tasks

Which additional tasks should be perfformed? R

Select the additional tasks you would like Setup to perform while installing B for
windows. then click Mext.

Additional icons:
oL
Create a Quick Launch icon

Reqiztry entries:

[] Save version number in registry

Azzociate B with RO ata files

< Back ” Hest > ] [ Cancel

Starting R

R may be started several ways
e Double click the R desktop icon (if created)
e Click the Quick Launch icon in Start window (if created)
e Double click on an “.RData” file created during an R session (more later on
“.RData” files
The window below appears when R is started.
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E iz free =zsoftware and comes with ABIOLUTELY NO WARRANTY.
FTou are welcome to redistribute it under certain conditions.
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Natural language support but running in an English locale

R iz a collshorative project with many contributors.
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‘citationi)’
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Installing R library packages

Two steps are necessary to use an R library: (1) installing the package and (2) loading the
package. Installing a package only is done once. The package must be installed again if
a new version of R is installed. Loading a package must be done every time R is started
and it is required for your analysis.

To install spsurvey or sp libraries that are located on your desktop (or other folder), click
on Packages on main menu and click on Install package(s) from local zip files....
Locate the spsurvey or sp zip file using the dialog windows, select the zip file and click
Open to complete installation. Must do each package separately.
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To load a package, click on Load package... in the Packages pull-down menu. Then
select the package from the popup window.

boot:
class
cluster
datasets
foreign
araphics
grDevices
. R Console =e3y (e
File Edit Misc Nz lattice
MASS
methods
Type 'demoil  Set CRAN mirar,., or on-line help, or macy
'help.start  Select repositories... face to help. nime
Type 'qi}’ Install packageds). .. nnek
Update packages... rpart
> utils:::n sp
Error in iy Lnstall package(s) from local zip files. .. v, filters = Filters[c($ spgtial
no packages were specified S|:||II'|ES
= utils:iimenulnstallLocal () Fpsurvey
package 'sp' successfully unpacked and MDS sums checked sEaEsq_
updating HTML package descriptions zuar\-'sival
# utils::i:imenulnstallLocal () beltk
package 'spsurvey' successfully unpacked and MDS sumwms checked kaals
updating HTML package descriptions wtils
> local ({pkg <- select.list(sort|.packages(all.availabhle = TRUE]
+ if inchar (pkg)) library(pkg, character.only=TRUE)]})
= —
. b [ Ok ] ’ Cancel ]
£ | >

Library packages may also be loaded using the R command library(name) where name
is the name of the package (e.g., sp or spsurvey). More about R commands later.

Accessing the R Help System

The Help pulldown menu has several help features. A very useful help feature is Html
Help. It uses your web browser to display help about R, R commands, and R library
packages.

I R Console
Fil= Edit Misc Packages QEls]

. l Console

Fa on R
FAC on R For Windows
Manuals (in PDF) >

R functions (text). ..

Html help

Search help...
search.r-project.arg ...

Apropos...

R Project home page
CRAM home page

About
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Clicking on Manuals provide access to the R manuals. Clicking on Packages gives a list
of available packages. Clicking on a package name will give a list of commands

available in that package. See two windows below. The second window shows a partial
list of the commands (functions) available in spsurvey.
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A help file is available for each of the user-available function in spsurvey. For example if
click on cat.analysis the help file to do population survey estimates for categorical data
appears.
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cat analysiz {spsurvey) E Documentation

Categorical Data Analysis for Probability
Survey Data

Description

This function organizes input and cutput for analysis of categorical data generated by a probabiity survey.
Input can be etther an object belonging to class psurvey.analysis (zee the documentation for fonction
paurvey. analysiz) or through use of the other arguments to this function.

Usage

cat.analysis (sites=NULL, subpop=NULL, design=NULL, data.cat=NULL,
MN.cluster=NULL, popsize=NULL, stagelsize=NULL, popcorrect=FAL3IE,
sizewelght=FAL3E, unitsize=NULL, wartype="Local®™, conf=95, psurvey.obj=NULL)

Arguments

sites a data frame consisting of two variables: the first vanable 15 site [Ds, and the zecond
variable 15 a logical wector mdicating which sites to use in the analysis. If psurvey. obj 1s not
provided, then this argument iz required. The default 1z WTTLL.

subpop a data frame describing sets of populations and subpopulations for which estimates will be
calculated. The first variable 1z site IDz. Each subsequent variable identifies a Type of
population, where the vanable name iz used to identify Type. A Type vanable identifies
each site with one of the subpopulations of that Type. If paurwey obj iz not prowvided, then
thiz arsument 13 recuired. The default 15 HTULL. b’

&] Done Iy Computer




Installing Tinn-R editor

Tinn-R is a text editor designing to work seamlessly with R. It recognizes R
commands/functions, does automatic matching of parentheses, and has icons that execute
R script you create in Tinn-R. An advantage of using Tinn-R is that you can preserve the
R script you created to do a survey design or survey analysis. If your input data changes,
it is simple to redo an entire analysis without changing any of the R script. The saved
script file can also be used for QA purposes.

To install Tinn-R, double click on Tinn-R_1.18.6.5_setup.exe to begin the Windows Installer.
On the Select Additional Tasks window, you have options to create a desktop icon and a Quick
Launch icon. Check options you prefer. Keep all default file associations.

o Setup - Tinn-R

Select Additional Taszks "
wihich additional tazks should be perfarmed? e

Select the additional tazkz vou would like Setup to perform while instaling Tinn-R, then
click Mesxt.

Additional icons: i

[]Create a desklop icori

Create a Quick Launch icon

Files association:

Azsociate [“r, “R]- R

Azsociate [F.g, 0] -5

[] Associate [“.rd, “Fd] - F help
Agzociate [*.ruw, * Rrw] - Sweave

[w] Azzociate [F s, * 5wl - Sweave b

SourceForge Tinn-R [ < Back ” Next > ][ Cancel ]

The installation ends with an option to start Tinn-R. When Tinn-R starts it looks as
follows IF R is not running:
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If R is running, then Tinn-R looks as follows:

¢ TinnR FEX

File  Project Edit  Format  Search  Options  Tools R Wiew  Window Web  Help -
: 03~ 1 2:e 2 Q%D :2@EaG99 (DOE
2 |E : X hE : |

3 Ok & 5| 7

Tinn-R. hotkeys inactive

Note the lowest tool bar has some icons in color. This tool bar is associated with R. By
placing the cursor over each icon information about what clicking the icon does with R is
given.

When open an R script file, other icons on the tool bar become active.

¢ Tinn-R - [F:\Monitoring Workshop Material\Survey Analysis Short Courses\R_Script_Intro.R] |Z||E|E|

|__] File  Project Edit  Format  Search  Options  Tools R Yew  Window Web  Help - | & x
- ar Y . [
_._] T ._]L—J_JJ_JJ':--SLI_F.E?J!'J s M B Ed
- R °| = = B hE = v |
BE|== - =3[« F[VewEB L DRG0 "
R_Seript_lntro.R |
# File: R Script Intro.R s
# Purpose: Introduce R using Spreadshest as analogy =
# Drogrammer: Tony Olsen
# Date: October 14, 2005
#
# Data reguired: R Spreadsheet.csv
W

Lin 1/82; Cal 1 Mormal mode | smMormal | Size: 1,47 KB Tinn-F. hotkeys inactive

Windows Topics

It is useful to save files from Excel using a tab delimited format to read into R. One
reason is that it is unusual to have a tab in a data file and common to have a *,” appear in
a name. Such commas cause problems when reading a csv file in R. To make it easier to
open tab-delimited files, it is useful to change their file extension to “.tab” and to assign
the “.tab” file extension to be opened by Excel. This can be done using Folder Options
under the Tools pull-down menu.



Folder Options b_<|

General | Wiew | File Types | Offline Files

Reaqistered file bppes:

Extenzionz  File Tupes L
55 System file
ATET Tinn-F

|=)] TAR T4B File
TAR UltimateZip Tar File

# TBC  ActiveTcl Script —
TEBZE UltimateZip T arBZip2 File
rﬁ?‘T TO=72 b=~ T =077 Cil-. E

Hew ][ Delete ]

Details for 'TAR' extenzion

Opens with: Microzoft Office Excel

Files with extension 'TAB' are of type 'TAB File'. To change
zettings that affect all 'TAR File' files, click Advanced.

OF. ] [ Cancel Apply




Begin a Survey Design or

Survey Analysis for a Project

e Create a new folder for the survey
design or survey analysis task
e Recommend creation of a subfolder
named “Original Data”
= Place any original data files in this
folder
= Never change these files
e Double click the R desktop icon or quick
launch icon to start R
e Under the R File menu,
= Click Change Dir ...
= Click Browse, scroll to find your
project directory and click on it, then
click OK
e \WWhen done using R, click Exit under the
File menu and click YES when asked
“Save workspace image?”.
e \When you want to start R again to work
on this project, go to its project folder
and open the “.RData” file.



Executing Commands in R

e Three options to execute commands in R
= Type commands in console window
« Window automatically opens

when R starts
e Commands execute by pressing
the “Enter” key
= Use the script window In R
o Under File menu either create
New or Open existing script file
e Type commands in the script
window
e To execute commands, copy and
paste into the console window
» Close window and save to
project directory
« Use saved script file when you
want to continue work on the
same project
= Use another text editor program
e Type commands In editor
« Copy and paste into the console
window



e Advantages of R script window or text
editor approach

= Can save all your commands in both
cases

= Some text editors recognize R
language and structure making it
easy to locate errors (e.g., Tinn-R)

= Can redo the analysis if there are
changes to the data

= Can set up an example analysis and
use as a template for other analyses

= Aid in QA for analysis process



Things to remember In R
e Column names may be modified in R

= “planks” will become “.”
= Unusual characters will become “.”
= Unusual character at the beginning
(e.g., %) will change to “X.”
e Blanks in spreadsheet will be turned into
missing data
e “NA” in spreadsheet will be interpreted
as missing data, except when column is
character
e Everything after “#” is ignored, which
can be overridden
e Reading a comma-separated value (csv)
file may result in unanticipated results if
columns contain “,” in character fields
(recommend use of tab-delimited files
Instead)



Downloading R from R-Project Website

Use a web browser to access: http://r-project.org/. Select a CRAN mirror site near your
location. Illustration is from a site in Washington, USA.

2 The Comprehensive R Archive Network - Microsoft... \:\|ﬁ|§|

File Edit ‘iew Favorites Tools Help w
O - © - A B G| Poearch Keraos @ R BB -1
Address | & http: fferan.us . r-project.org/ v BGo Lirks @ -

.

The Comprehensive R
Archive Network

Frequently used pages

CEAN i
Mirrors Download and Install R
What's new?
Task Views Precompiled binary distnbutions of the basze system and
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Click R-2.4.1-win32.exe




File Download - Security Warni...g}

Do you want to run or zave thiz hle?

Mame: R-2.4.0-win3Z2.exe
| Type: Application, 27.9 ME

Fram: cran.us.r-project.org

Biun ][ Save ]| Cancel |

potentially harm your computer. [F you do not trugt the gource, do not

@ Yhile filez from the Internet can be useful, thiz file type can
run or save this software. What's the risk?

Click Save
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Click Desktop
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